Indonesia is facing soybean shortage and the low productivity of soybean production from decreasing acreage. Saturated soil culture (SSC) could be one of the solutions for marginal land with drainage problem. Saturated soil culture is cultivation technology that gives continuous irrigation and maintains water depth constantly and makes soil layer in saturated condition. Farmers can use on-farm inputs that are normally available at the production site. An organic farming system may be able to ensure local and regional food security through continuous production. The study were conducted at Cikarawang Experimental Station of Bogor Agricultural University, Indonesia, from December 2009 to February 2011. The objective of the research was to determine the influence of organic fertilizer application on the productivity of two varieties of soybean, "Anjasmoro" and "Wilis", in organic saturated soil culture conducted in two cropping seasons. Prior to the experiment all plots were applied with 2 ton.ha -1 of dolomite, 2 ton.ha -1 of rice hull ash, and 10 ton.ha -1 of chicken manure. The experiment of the first season used split plot design with six replications. The main-plot was organic fertilizer that consisted of chicken manure only (20 ton.ha -1 ), chicken manure (10 t.ha -1 ) + Centrosema pubescens (4.2 t.ha -1 ), chicken manure (10 ton.ha -1 ) + Tithonia diversifolia (4.2 t.ha -1 ). The sub-plot was soybean varieties "Anjasmoro" and "Wilis". The soybean productivity was not affected by the application of organic fertilizers. "Willis" productivity (1.98 t.ha -1 ) was higher than "Anjasmoro" (1.80 t.ha -1 ). The experiment of second season used split-split plot design with three replications. The main-plot consisted of 50 and 100% fertilizer rate of the first cropping season; the sub-plot was the same types of organic fertilizer with soybean varieties as sub-sub-plot. Rate of fertilizer, types of organic fertilizer and soybean variety did not affect productivity. Application of 50 and 100% rate of fertilizer in the second season produced 2.41 and 2.55 t.ha -1 of dry seeds, respectively. Soybean plants treated with chicken manure, green manure from C. pubescens and T. diversifolia produced 2.45, 2.50 and 2.49 t.ha -1 of dry seeds, respectively. "Anjasmoro" and "Wilis" produced 2.50 and 2.45 t.ha -1 of dry seeds, respectively. Productivity in the second season was 26.26-36.61% higher than those of the first cropping season.
Introduction
Indonesia has been facing soybean shortage and the low productivity from the decreasing farming acreage. Good quality agricultural land has increasingly become a limited resource, therefore efforts have started looking into utilizing marginal land with drainage problem for plant production, including tidal swamp.
Application of organic matter is one of the keys to successful and sustainable agricultural production in the tropics. Research on the process of crop residue decomposition is important to provide clues for a better management of soil organic matter (Ayanlaja and Sanwo, 1991; Dalal et al., 1991) . Lowland humid tropics is characterized by high temperature, high relative humidity, high rainfall intensity and high microbial activity which all encourage rapid mineralization, depletion and erosion of organic matter leading to soil deterioration (Ayanlaja and Sanwo, 1991) . Modern agricultural practices and operations have encouraged rapid depletion of soil organic matter build up, whereas practices like crop rotation, fallow, and manure application encourage soil organic matter accumulation. However, the effectivity of amending organic matter on agricultural land depends on (a) amount and frequency of residue application; (b) the nature and C/N ratio of the mulch or manure; (c) rainfall intensity and distribution, soil moisture and clay content. Land clearing with heavy machinery usually caused removal huge of biomass from the field, whereas conventional ploughing and harrowing usually lead to soil organic matter depletion. These practices should be discouraged or modified to reduce their negative effects on soil organic matter content.
In our previous studies we grew organic vegetable soybean which was harvested at R6 phase, which is full seed stage -pod containing a green seed that fills the pod capacity at one of the four uppermost nodes on the main stem (Iowa State University, 2007) , or earlier than that of grain conventional soybean which was harvested at R8, which is full maturity with 95% of the pods have reached their full mature color for dry seeds production (Iowa State University, 2007) . The information on production of organic soybean production at R8 phase is not available. Animal and green manure can be used as organic fertilizer for production of organic vegetable soybean (Barus, 2005; Melati and Andriyani, 2005; Sinaga, 2005; Kurniasih, 2006) . The yields of vegetable soybean treated with chicken manure were higher than those treated with manure sheep manure (Sinaga, 2005) , and application of green manure Centrosema pubescens resulted in a higher yield than those from Calopogonium mucunoides and Crotalaria juncea (Sinaga, 2005; Kurniasih, 2006) . Farmers can use inputs that are available at the production site when growing soybean on tidal swamp areas. An organic farming system may be an option to ensure local and regional food security through continuous production, without having to use expensive chemical fertilizer and pesticides and produce safer foods. The demand for organic produce is rising along with the increasing awareness of health and environmentally friendly food production system. Saturated soil culture (SSC) is a cultivation technology that gives continuous irrigation, maintains constant water depth at ± 5 cm under soil surface and makes soil layer in continuous saturated condition cultivation. In a saturated soil culture, watering is available from the beginning of plant growth to maturity stage (Hunter et al., 1980) . By keeping the water-table constant soybean growth will be protected from negative effects of inundation, because soybean will be acclimatizing and adjusting its growth (Troedson et al., 1983) . SSC technique can be applied in the area with moderate or poor drainage, and in many cases SSC improve soybean growth and production compared to conventional irrigation (Hunter et al., 1980; Nathanson et al., 1984; Troedson et al., 1984; Sumarno, 1986) . SSC increased dry weight of root, nodule, and activity of nitrogen-fixing bacteria compared to that of conventional technique (Troedson et al., 1983) , hence increase nutrient uptake and yield (Ghulamahdi et al., 2005) . This technique has been successfully used to increase soybean productivity in South Sumatra, Indonesia (Ghulamahdi et al., 2016) , and the combination of organic matter and SSC may be one of the alternative ways to meet the continuous increase of soybean demand of Indonesia.
This study was conducted to determine the influence of organic fertilizer application chicken manure, and green manure from C. pubescens and T. diversifolia on the productivity of two varieties of soybean, "Anjasmoro" and "Wilis", in organic saturated soil culture.
Methods
The (Sinaga, 2005) , was planted encircling the experimental plots to control plant pest and diseases. Planting spacing used for soybean was 40 cm x 10 cm. Before planting 5 g Bradyrhizobium sp. was inoculated for each kg of soybean seed. Experimental plots were irrigated at 10 cm height of water (10 cm under the soil surface) from four weeks after planting (WAP) until harvest.
Results and Discussion
"Anjasmoro" treated with full rate of chicken manure and green manure C. pubescens, and "Wilis" treated with green manure T. diversifolia had the highest leaf K compared to the other treatments. 
Soybean Response to Different Rates of Organic Fertilizer Application in Saturated Soil Culture System
Application of full (100%) organic fertilizer rate improved soybean vegetative growth in the first season. However, soybean productivity in the second season (treated with 50% and 100% organic fertilizer rates) was higher than those in the first season ( Table  1 and Figure 1 ). Santos et al. (2012) reported that organic practices have potential to increase microbial biomass content and soil organic matter. Santos et al. (2012) conducted ten years of farming using conventional system by applying 200 kg N + 80 kg P + 80 kg K ha -1 every year, the second treatment was two years of transitional organic farming system, and the third treatment was five years of organic farming system. Transitional and organic farming used composted cow manure, composted cow manure and rock phosphate, and composted cow manure at 20, 20 and 0.5, and 20 t.ha -1 , respectively. A transitional period is necessary to convert conventional to organic farming. For tropical soil two years of organic management may be a minimum duration to enhance microbial biomass. Soil microbial biomass increased gradually from conventional to organic farming, leading to consistent and distinct differences from the conventional farming at the end of the second year. Ayanlaja and Sanwo (1991) stated that the increase in the soil microbial biomass occurred through improvement of soil physical structure including soil aggregation, porosity, pore size distribution, water retention capacity, and soil microbial activities. Soil organic matter is the major nutrient storage for lowactivity-clay soils in the tropics. Addition of organic matter can increase nutrient retention capacity, availability and mobility of macro and micro nutrients, and water use efficiency and consequently increase the productivity of the soil.
Soybean Response to Different Sources of Organic Fertilizer in Saturated Soil Culture System
Organic fertilizer promoted vegetative growth in the first season compared to the second season, but dry seed productivity was higher in the second season than the first season (Table 2 and Figure 1B ). 
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Soybean plants treated with chicken manure had greener leaves, possibly due to a better uptake of soil nutrients. Park et al., (2010) stated that bioremediation is a natural process which relies on soil microorganisms and higher plants to alter metal(loid) bioavailability, and this process can be enhanced by addition of organic amendments to soils. Large quantities of organic amendments can serve as a source of nutrients and soil conditioner that can improve the soil physical properties. Soil is increasingly being seen as a major source of metal(loid)s reaching food chain, mainly through plant uptake and animal transfer. Bilgili et al. (2007) stated that recirculation is more effective on anaerobic degradation of solid waste than aerobic degradation. This condition occurred in saturated soil culture with the water coming in and out in the irrigation flow.
Application of green manure C. pubescens with chicken manure as decomposition enhancer had the C/N ratio of 12.28 at six weeks of application, whereas vegetable soybean productivity in an organic rain fed system using chicken manure as decomposition enhancer had the highest productivity (Hindratno, 2006) . Melati et al. (2008) reported that chicken manure was the best organic manure when used as a single application on rain fed organic system. Chicken manure might function as the decomposition enhancer as well as contributing organic materials for soybean growth. Application of rice hull ash significantly reduced the intensity of pest infestation by 75% compared to control (Melati et al, 2008) . Tithonia sp. can be used as a substitute for chicken manures when there was a shortage in chicken manure availability. Soil analysis before and after organic fertilizer application indicated that soil pH, soil N, P, Ca, Mg and K was higher after the organic fertilizer decomposed, whereas the CEC Fe, Cu, Zn, Mn were lower. Chicken manure has similar nutrient content to Tithonia sp. which was higher than Centrosema sp. This might explain the higher productivity of the soybean treated with chicken manure or Tithonia than with Centrosema sp. as green manure.
Production of Two Soybean Varieties in Saturated Soil Culture System
"Anjasmoro" grown in SSC system in the first season were taller at six WAP, had a greater leaf dry weight, and 100-seed dry weight in comparison to the second season. Similarly, "Wilis" had greater leaf number at six WAP, greater filled pod number, and dry seed weight per ha (Table 3 and Figure 3 ). "Anjasmoro" has a robust vegetative growth and larger seeds than "Wilis", but had a fewer number of filled pods, which resulted in a significantly higher productivity in both seasons. Productivity of "Anjasmoro" in SSC system was similar to that of the conventional rain fed system, whereas "Wilis" slightly exceeded the production potential in the rain fed conventional system (1.6 t.ha -1 ).
Extensive root system, but lower dry nodule weight in organic rain fed system was recorded in "Wilis" (Hindratno, 2006) . SSC system increased dry weight of roots, nodules, and activity of nitrogenfixing bacteria compared to the conventional systems (Troedson et al., 1983) , hence increased nutrient uptake and yield (Ghulamahdi et al., 2005) .
"Wilis" productivity in this experiment was higher than in the conventional rain fed systems. Experiments conducted at Nimbokrang, Bima and Dompu on rainy season 1999/2000 produced 1.50 t. ha -1 of dry seeds, plant height of 73.80 cm, 1000-seed weight of 72.83 g (LIPTAN, 1996) , whereas Gani (2000) reported dry seed production of 1.75 t.ha -1 . Ghulamahdi et al. (2009) reported that the productivity of SSC conventional system in tidal area with a plant population of 400,000 per ha had exceeded the potential productivity by triple of that in conventional rain fed systems, i.e. 4.06 and 2.49 t.ha -1 for "Anjasmoro" and "Wilis", respectively. It seemed that tidal condition provides good water supply and its exposure to high light intensity contributed to the higher soybean productivity as "Wilis" on conventional SSC system only produced 1.8t.ha -1 of dry seeds. Hindratno (2006) reported the productivity on rain fed organic "Wilis" using chicken manure as decomposition enhancer for C. pubescens and conventional rain fed system were 7.66 and 6.7 t.ha -1 , respectively.
Conclusions
Rate of fertilizer, sources of organic fertilizer and soybean variety affected number of leaves at three and six WAP, and leaf K concentration. Application of 50 and 100% rate of organic fertilizer in the second season produced 2.41 and 2.55 t.ha -1 of dry seeds, respectively. Application of chicken manure and green manure from C. pubescens, and T. diversifolia produced 2.45, 2.50 and 2.49 t.ha -1 , respectively. Productivity in the second season was 26.26-36.61% higher than the first cropping season; "Anjasmoro" and "Wilis" productivity in the second season was 2.50 and 2.45 t.ha -1 , respectively. Organic soil saturated culture is a potential solution to increase the soybean acreage to supply the increasing soybean demand in Indonesia. Soil saturated culture could potentially Note: Numbers followed by different letter in the same the same row and the same season were significantly different at 5% DMRT; DW = dry weight; FW = fresh weight; WAP = week after planting; DAP = day after planting.
utilize the currently idle tidal swamps, and marginal lands with moderate or poor drainage. 
